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1. Introduction

This project, which is a continuation of Contract

DA-01-009-ORD-lO23(Z), Part I, is corcerned with the study

of the chemical changos that occur during the decomposition

of ammonium perchlorate (hereinafter abbreviated AP)

produced by the application of heab.

To follow the exo- and endotharmic changes which

arc produced when AP is heated from ambient temperature

to approximately 450o0 C., the technique of differential

thermal analysis (DTA) is used.

In particular our interest is centered at present

on the effect of various catalytic agents on the mechanism

of AP decomposition.

The equipment -and experimental procedures, which

were described in detail in the Final Report of Contract

DA-Ol-OQ9-ORD-1023(Z), Part I, are still being employed.

2. Current work

During the period of this report our efforts continued

with the making of DTA runs at various heating rates on

AP samples to which had been added various materials to

t~st the catalytic effect of these additives.

The additives have been selected as to type for

the express purpose of trying to prove or Oisprove

the theory of catalytic action for this AP decomposition

as proposed in the previously mentioned final report.

Since all the catalytic agents, which we plan to inves-tigate,

have not been checked, no attempt will be made in this

report to cor'relate the findings.
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3. Experimental Maturials

The following materials aive been used as additives

in investigating possibl2 catalytic action, (Note; the

letters in parenthesis following the compound name will

servo as an abbreviation in the tables which list the

results). Composition of these preparations was verified

by analysis.

a. Tetrapyrikinozinc ( Z .... (n! yX). To prepiro

this compound 5 g. of hy7.rto, zinc pcrchlorate was

added to 10 ml. of dimethoxypropAno(DMP) and the

mixture stirred for 15 minutes. To this solution

was added 1- ml. of pyridino. At first the solution

became cloudy bt this disap,)eared on further addition

of the pyridine. Five ml. of a±dditionil DMP was added and

the solution stirred for 30 minutes. On ad, ing 3 ml.

of hexane a white precipiate of totrapyridinezinc

porchloraite formed. This was se-p-Arated by filtration

and washed with diethylether.

b. Copper Chr'omite (cVuCr~x). TLaE material used here

was nt a stoichiometric curpund. It was rather a

mixed oxide mass -f uncertain composition.

Preparation was effected by 'heating together an equal

molar mixture if cooper(II) chloride and chromium(II)

hydroxide until dry.

c. Copper (I) oxide (Cu2 0). This compound was made by

preparing a water solution of 75 g. of potassium

sodium tartrate, 75 g. of sodium hydroxide and 50 g.

of hydratedi cop1e:r(II) sulfate. To this solution
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was added with stirring 8 g. ofhydrazinium hydrosulfate.

The copper(I) oxide sap'rated immediately as an

insoluble precipitate. It was removed by filtration,

washed with water and dr-led in an oven at 900 C.

d. Silver Oxide (Ag20). a commercial product uas used.

e. Chromium(jII) oxide (Cr 2 c. a commercial product

was used.

f. Sodium acetylacetonate (NaAc). A solution of 20 g.

of sodium hydroxide, 50 ril. of water and 200 ml.

of irethanc'l wis added slowly with stirring to 50 g.

of 2,4-pentanedione. The resulting white crystalline

precipitate was chilled to 00 C, for about 12 hours,

and then filtero. The precipitate was washed with

two small portions of cCld methanol, filtered and

then dried at 900 C.

g. Iron(II) oxide (FeO). This cimpound was made by

heating irun(II) ,xalate, under vacuum, to 3000 C.

To avoid oxidation it was transferred from one

container t-: another Dnly in a dry box filled with a

nitrogen atmosphere. In the DTA runs where this

material was mixed with AP an aritmosphere of nitrogen

was maintained over the sample.

h. Calcium Oxide (GaO). A commercial product used.

i. Cbromium(II) oxide (Cr0). This compound was prepared

as follows: An clectrolytic cell was made from a

1000 ml. beaker filled with enough morcury to cover

the bottom. The mercury, which was the cathode in

this cell, gave a surfac,. area of 41 square centimeters.



Platinum of about 50 square centimeter irea was used

for the anodes. A mechanical stirrer was used to

aggitate the solution.

The electrolytic s.lution was composed fo 250 g.

of CrO3 -2nd 2.5 g of 95% sulfuric acid in enough

water to give a total volume of one liter. A voltage

drop of 6.5 volts was used and 8.5 amps. of current

passed through the cell for lb. hours.

At the end of the electrolysis the mercury cathode

was removed, dissolved in nitric acid, thereby leaving

behind ti'e CrO as an insoluble black powder. This

powder w,,s filtered, woshed and stired under a

nitrogen atmosphere.

j. Tctrqmninezinc perchlorate (Zn,mX). To prepare

this compound an excess Df 6 normal -umonia solution

was added to a solution of 4 g. of hydrated zinc

perchlorate. The white complex precipitated immediately.

It was separated by filtrati'n and air dried.

k. Magnesium oxide (MgO). A commercial product was used,

1. Tetramine coppor(II) pcrchlorato (CuArmX). This

material was made by adding a solution of porchloric

acid to copper(II) carbonate until only a small

residue of the solid carbonate remained undissolved.

This excess solid was removed by filtration. To

the filtored solution conc. aimionium hydroxide was

added with stirring. Very soon a blue crystalino

mass separated from solution. Tho crystals were

removed by filtration. washed with ammonia water- and
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dried over calcium oxide.

m. Hexamminecadmium perchlorate (CdAX), T. make this

compound it was first necessary to make hydrated

cadmium perchlorato. This was accomplished by starting

with a cadmium nitrate solution Prom which cadmium

hydroxide was precipitated with potassium hydroxide.

The cadmium hydroxide after separation and washing

was dissolved in perchloric acid solution. This

resulting solution after evaporation to one-third

original volume deposited white crystalline

hexaquocadmium perchlor ate.

5 g. of the hydrated cadmium porchlorate was

added to 10 ml of DMP and stirred for 2 hours.

Anhydrous ammonia gas was bubbled thragh the

resulting solution for 2 hours. The white hexsamine

complex separated immediately.

n. Hexamminecobalt(III) perchlorate (CoAmX). To obtain

this compound we first made by standard procedures

the hexamminecobalt(III) chloride. Reaction of

this chloride with silver perchlorate in solution

produced a precipitate of silvor chloride thereby

leaving the desired material in solution. On

evaporation and cooling the crystals were obtained.

Analysis indicated no chloride ions present in the

product.

o. Tricobalt totraoxide (0o304. This material was

produced by heating cobalt(II) carbonate at a

temperature of 5000 C for oa period of two days.
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p. Hoxammincnicicel(II) perchlorqte (NiAmX). A method

for m-Ang this compound was based upon one given

in the literature f;r making the corresponding

bromide compound.

TD 50 g. if NiC] 2 was added an excess of NaOH

solution and the resulting precipitate filtered and

washed several times with water. Tj this precipitate

of Ni(OH)2 was added perchloric acid solution such

that a small amount of precipitate was left to insure

that all of the acid had been neutralized. This

excess precipitate was removed by filtration. The

solution of nickel(II) perchlorate was cooled to OC.

and ammonia gas bubbled through it slowly for six

hours. A blue-violet crystalline mass settled out.

The crystals were removed by filtration, washed

with ammonia water, and dried over calcium oxide.

q. Tris(ethylenediamine) zinc perc hlorate. (ZnEnP).

Five grams of zinc perchlorate, hydrated was added

to 20 ml. of DMP and the mixture stirred for 30 minutes.

Next 6 ml. of ethylenediamine were added slowly.

A curdy white precipibate formed. This was removed

by filtration, washed with small portions of diethyl

ether and air dried.

r. Nickel(II) oxide. (NiO-A) represents a commercial

product that was Used as taken from the bottle.

(Ni0-B) represents the same material but heated at

5500 C fr 12 hours before use.
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4. Tabulated Results

In Table I are presented the results of DTA runs

made with the selected additives and AP.

The data in this table is listed as follows:

Cjlumn (1) gives the additive under investigation for its

possible catalytic effect. Five per cent by weight was

added t) the AP sm.plo. All runs were made at atmospheric

pressure and open to the air except in those cases where an

asterisk (i-) appears with the additive abbreviation.

C-lume (2) lists the size -)f tte AP oarticles (cf. page 25

of tL final report for Project 1023(z), Part I).

ColJuan (3) gives our sumplo number t., facilitate locating

the - A plot when needed f r reference. Jlumn (4)

shows the hoting rate in 0C. :er minute0 This was

the setting onx the temperature programer and ivas nt

the measured slope of the heating curve trace. Colum.s

marked T], T21 T3 , etc. are the poak temperatures in

00. as read fr)n left t ,riht on the DTA plot. Only

T1 , which is the crystal transformation, is endothermic.

Tqble II gives the results of DTA runs made on

certain of the pure additives used in the catalytic

studies. This information is necessary since some of

these c)mpounds are lapablo of undergoing decomposition

and such peaks would thnn be superimposed on the DTA

plot of to AP docompositi'n. Those a&-itivo studies

and not lisod in Table II show no chauge over the

temperature range studied.
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The only change in clunn boiings in Table II as

compared t- Table I is that C.lumn (2) gives tho weight

in grv.is of the sample heated. Where n-j sign is recorded

before the temdierature value a positive sign is understood

and this means that it is a peak tomporaturo of an

exotherm. A negative sign implies an endothorm.
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Tablo I

Poak temporatures from DTI runs .f AP clang~s containing

adiditive s

(1) (2) (3) (4) T1  T2  T3  T4

(ZnPyX) F 4-51-3 2 237.1 291.0
i F L-52-1 4 241.1 311.8

F 4-52-2 10 241.0.3 352.5

(ZnPyX) M 1-52-3 2 239.5 289.9
" M 4-53-3 4 240.3 310.6V M L-54-1 10 244.2  333.9

(ZnPyX) C L-5:-1 2 237.9 289,1
It C 4-53-3 4 241.1 311.4

C 4-54-2 10 242.6 333.2

(CuCrOx) F 4-56-I 2 238.3 353.7
" F 4-56-2 4 241.1 3149.9
" F 4-57-2 10 243.4 347.2

(CuCrOx) M 4-57-4 2 21.1 365.0
M 4-5o-3 4 2414 351.8
m 4-57-3 10 243.0 363.9

(CuCrOx) C 4-58-1 2 237.9 352.2
c 4-58-2 4 240.7 35.6

" c 4-57-4 10 244.6 365.0

(cue0) F 4-60-1 2 237.5 314.7
F 4-63-3 4 241.1 337.0
F 4-63-1 10 240.3 337.0

(CuV0) M 4-60-2 2 237.1 322.9
M 4-63-2 4 241.1 328.2
M.- 4-66-1 10 241.1 337.7

(cu O) c 4-66-4. 2 237.9 356.8
c 4-66-2 4 2L.1.1 324.8

" C 4-66-3 10 244.2 333.2

(AF F 4.-69-1 2 237.5 330.5
F 4-67-4 4 238.3 352.2

F 4-69-3 10 241.1 369.5

(Ag0) M 4-70-1 2 237.9 318.7
m 4-69-2 4 239.9 349,5

I M 4-71-4 10 238.7 364.3
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Table I ;ntinued

Peak tompcr'turos fr.ra DTA runs of AP changes cmtaining

addjitive s.

(1) (2) (3) (4) T1  T2  T3  T4

(AgO) C 4.-71-1 2 237.9 325.6
C 4-71-2 4 240.7 358.2

It C 4-71-3 10 241.4 374.4

(Cr 03) F 4-75-2 2 239.1 295.3 333.2
F 4-72-4 4 240.3 318.3
F IL-74-1 10 243.8 3LO4.2

(Cr 2 03 ) M 4-73-2 2 240•3 291.4 348.0
m 4-74-2 4 212.2 307.2 357.1
M 4-75-3 10 243.8 375.9

(6r203 C 4-74-3 2 240.7 287.1
C 4-75-1 4 2411 305.3 352.9

" C 4-75-4 10 243 . 371.0 420.6

(NaAc) F 4-78-2 2 238.7 328.6 406 ')

F 4-77-2 4 239.9 341.9 412.0
F 4-76-, 10 239,9 352.9 410.9

(NaAc) M 4-78-1 2 238.3 396.6
M 4-77-3 4 238.3 341.5 408.6

i m 4-79-1 10 238.3 354.8 432.9

(NaAc) C 4-79-3 2 240.3 407.1
IC 4-79-2 4 239.5 412.4" C 4-79-4 10 238.3 34!.84 428.0

(Fo0) F 4-83-3- 2 237.9 273.1 343.4
" F 4-83-2 4 241.1 314.9 349.1
" F 4-83-1 10 239.5 321.8 365.0

(FoO) M 4-82-2 2 237.1 263.4 288.7 324.4
It 4-81-4 4 241.1 304.9 368.4M 4-81-5 10 237.1 327.8 371.0

(FoO) C 4-80-3 2 238.7 347.6It C 4-80-2 4 241.1 29. 7 358.6
C 4-8o-i 10 238.3 322.5 38o.1

(CO0) F 4-84-1 2 237.5 346.5
F 4-81.1 4 237.1 359.0 1447.9
F 4-86-2 10 24.3 365.5 460.9
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Table I Continued

Peak temperotures frum DTA runs Df AP changes c3ntaining

additives.

(1) (2) (3) (4) T1  T2  T3 T4

(CaO) M 4-84-2 2 237.1 349.5M 4- 5-2 4 240.3 360.5 450.5
M 4-85-3 10 241.1 382.8 464. 9

(CaO) C 4-85-1 2 237.1 345.3
" C 4-86-3 4 241.1 361.6 451.6
it 4-86-1 10 241.1 386.1 465.7

(Cr0) F 4-87-2 2 240.3 255.6 279.7 318.0
F 4-88-1 4 241.1 264.5 291.0 326.3
F F 4-87-3 10 243.0 304.1 335.4 412.4

(Cr0) M 4-88-2 2 238.3 277.4 316.4 399.3" M 4-90-1 4 241.1 292.2 230.9 428.9
m 4-88-33 10 2L1.8 306.4 343.4 436.3

(Cr0) C 4-90-3 2 210.3 280.9 341.9 424.4

"t C 4-91-1 4 24,.a± 292.2 334.7 439.3
" C 4-90-2 10 243.8 306.8 348.4 4.7.1

(ZnAmX) F 3-89-1 2 247.0 353.7
" F 3-88-1 4 251.7 366.1" F 3-96-2 10 249.0 380.9

(Zn'amX) M 3-93-1 2 246. 2 306.4
i M 3-82-3 L4 248.2 366.9

M 3-99-1 10 257.9 410.1

(znAmX) C 3-96-1 2 247.8 311.0
" 3-97-1 4 245.0 329.4

t C 3-96-1 10 284.8 405.6

( Zn-mX)* F 3-90-1 2 2 , 9 .4 357.9
t F 3-91-1 4 248.6 367.6
" F 3-92-1 10 248.6 383.1

(ZnunX)* M 3-94-2 2 247.8 326.0
M 3-95-1 4 249.4 353.7
M 3-95-2 10 247.0 372.5

• Wrs run under N2 prossure 60mu in oxcoss of atmospheric
pressure
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Table I Continued

Poak tamparature s from DT,. runs if AP caigos cintaining

adf, tive s.

(1) (2) (3) (4) T1  T2  T3  T4

(Z nAmX)* C 3-98-2 2 240 .0 291.8
C 3-97-2 4 236.0 324.4

I C 3-99-2 10 240.0 347-1
(MgO) F 4-29-1 2 240.7 271.6 353.3

F 4-26-1 4 243.0 378.1

F 4-29-2 10 241.8 390.6

(MgO) M 4-1-2 2 237.9 284.4 308.3 326.3
M 4-2-2 4L 240.3 292.2 327.1 366.5
M 4-2-1 10 249.0 387.6

(MgO) C 4-29-3 2 241.8 31-L.9 341.5
" C 4-28-1 4 239.5 333.8 349.5

C 4-28-2 10 239.9 322.5 373.6

(CuAunX) F 4-7-1 2 240 • 3 382.2
F 4-7-2 4 242.2 307.6 348.7

" F 4-7-3 10 245.0 280.9 345.3

(Cu:nX) M 4-8-1 2 239.9 270.4 354.1 373.6
N 4-8-2 4 2b.0: 7 25. 30.62• 9 35o0.

m 4-8-3 10 243 •8 EXPLOSION

(CuAmX) C 4-9-1 2 239.1 303.7 361.3
" 4 4-9-2 4 239.5 285.2 352.2
" C -- 10 (not run)

( C., mX) F 4-10-3 2 237.9 331.3 371.8
" F 4-11-1 4 240.2 350.1 398.1

F 4-1.1-2 10 245.0 363.1 428.5

* as run under N2 pressure 60mm in excess of atmospheric
pressure
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Table I Continued

Peik temperatures from DTA runs Df AP chnanges cintainig
additives.

(1) (2) (3) (4) T T2  TT4

(cd lmX) M 4-12-1 2 239.5 322.5 371.0
t M 4-12-3 4 241.8 348.4 411.6

" M 4-12-2 10 243.4 363.1 1428.9

(CdAmx) C 4-15-4 2 241.1 319.9 382.0
C 4-14-2 4 242.2 341.1 419.9i C 4-14-3 10 243.0 356.7 428.1

(ComnX) F LL-17-2 2 239.1 327.1
" F 4-17-3 4 244.2 352.5
" F 4-17-1 10 245.0 366.9

(Co,'MX) M 4-18-2 2 240.7 336.2
It M L-18-1 4 241.1 346.5
" M 4-18-3 10 243.4 373.6

(CcoxiX) C 4-19-4 2 241.4 338.1
" C 4-19-5 4 242.2 357.9
" C 4-20-1 10 244.6 367.6

(o04) F 4-21- 2 242.6 329.8F 4-21-2 LL 240. 7 300.6 360.5 401.1
" F 4-21-3 10 241.4 305.3

(00304) M 4-22-1 2 235.7 296.8
M 4-22-2 L 241.8 309.9
M 4-22-3 10 242.2 303.3

(0o04 ) C 4-23T1 2 239.5 311.0
C 4-24-1 4 241.1 324.1 341.1 412.4

It C 4-25-1 10 242.9 327.9

(NiAMX) F 4-31-3 2 240.6 311.0 372.9
F 4-31-4 4 241.8 268.5 333.9 421.8
F 4-32-1 10 243.8 277.8 350.3 438.9

(NiniX) M 4-32-2 2 237.9 24.2 314.1 383.1
it M 4-32-3 4 24W.6 26".4 322.5 416.9

M 4-35-2 10 243.8 329.7 453.5
(Ni.AmX) C 4-34-2 2 234.3 397.0

i V 4-34-1 4 237.5 307.6 426.1
* C 4-34-3 10 239.9 327.1 442.6
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Table I C ,ntinued

Peak Temperatures frrm DTA runs -)f .2 changes c. ntaining

additives.

(1) (2) (3) (4) T, T2  T3  T4

(SnEnP) F 4-38-1 2 239.5 334.7
F 4-37r.1 4 237.9 347.6
F 4-38 -2 10 239.9 363.5

(ZnEnP) M 4-37-2  2 239.1 350.6M 4-37-3 4 240.3 356.9
LN -37-4 10 2L.8 378.9

(ZnEnP) C 4-39-2 2 241.4 348.0
it C 4-39-3 4 241.4 3 0.5-

i C L-40-1 10 2h1. 1 378.9

(NiO-A) F )4- i-1 2 238.3 354. 8
F 4-44-2 4j 21L.3 346.1 406.8

" F 4-49-1 10 2'.4.2 363.9 427.8

(NiO-A) M 4-114-1 2 24u.3 390.6
it M 4-42.1 4 239.5 412.0 425.1

M 41.-49-2 10 21t2.6 437.0

(NiO-A) C 4-45-1 2 237.9 323.7 389.9
It 0 4-44-3 4 239.1 416.1
" C 4-49-3 10 241. 1 419.1

(NiO-B) F 4-4 - 2 2140.4 332.8 383.1
" F 4-4-2 4 2141.1 3149.5 40 5.3
it F 4-50-1  13 242.2 364:6  418.0

(NiO-B) M 4-47-2 2 239.9 327.1 378.1M 4-43-1 L4 241.4 393.3
M 4-53-2 10 24.2. 6  357.5 421.0

(NiO-B) C 4-48-1 2 236.7 382.8 400.0
" C 4-48-3 4 237.9 408.6it C 4-50-3 10 245.o 115.6

(ZnO) M 3-89-1 4 249.0 335.8

(MgO)* F 3-100-3 2 233.5 337.7 353.5
F 3-100-2 10 243.3 394.4



Table II

Peak Temperatures, exo- an-' onditherms , as taken frim
DTA runs on certain pure a'ditive, catalytic cJm:)unds
tested with AP.

(1) (2) (3) (4) T1  T2  T3  T

(NiA nX) 0.005 4-30-4 4 269.2
" 0.020 4-31-1 4 272.3 -139.1
I 0.050 4-31.2 4 109.4 275.5

(ZnEnP) 0.005 4-35-1 4 283.6
0.020 4-36-1 4 279.0

It 0.05, 4-35.3 4 279.4

(ZnPyX) 0.005 4-50-4 4 -
" 0.020 4-51-1 4 386.5
it 0.05- 4-51-2 4 226.7 384.6

(CoImX) 0.050 4-25-2 4 (-)112.0 273.5 293.0 303.3
(note: this c.)m:cupd also) gave T5=314.1 amd T6=484.2

(COAnx) 0.050 4-25-3 4 (-)164.0 -302.6 407.5 442.3

(note: this compound2 also gave T5=(-)501.2

(CdO) 3.050 4-26-3 4 (-)91.d 396.3

(CulmX) 0.005 4-4-1 4 274.7 238.7 324.1
0.020 4-5-1 4 276.2 294.5 326.3
0.050 4-6-1 4 EXPLOSION

(CoAmX) 0.050 4-16-3 4 270.6 303.0 473.5

Note: The followinif cave no oxc- )n ondtherms: CuO;
nov304; MgO; (NiD-.); Cu20.


